Dividend Risk

OSFI recommended that dividend risk should be captured in market risk framework. To achieve
that, a dividend risk model is developed by Market Risk (MR) and will be implemented in
system. The model calls for the introduction of new dividend risk factors as the expected
dividend amount of an equity asset, either a stock, or a basket of stocks, or an equity index.

This new risk factor can be regarded as a “companion” to the spot price equity risk factor
currently in system in the sense that for each underlying equity asset, regardless of types, there is
a spot price risk factor and also a dividend risk factor, even for those that market does not expect
to pay dividend. Under the proposed model and methodology, the position sensitivity and
simulated scenario will be both zero if the underlying asset is not expected to pay dividend so
that no dividend risk is artificially produced.

Currently, we generate 10,000 scenarios of non-dimensional relative return of equity market risk
factors, a total of 160 equity implied volatility risk factors and 113 index price risk factors,
among about 5000 global market risk factors, in simulation 1. Sensitivity feed is used to map risk
factors, assign Greeks to risk factors, and create equity price risk factors if necessary.

Simulation of price risk factors is done in Simulation 3 based on scenarios from Simulation 1.
Simulation of derived price risk factors, primarily for baskets and indices, is done in Simulation
4 based on scenarios from Simulation 3. New risk factors are created if mapping does not find a
match and default equity index market risk factor, beta and idiosyncratic volatility are assigned
so that the scenario for this risk factor can be simulated. In the case of implied volatility risk
factor, mapping will simply assign default risk factor rather than creating new risk factor.

There are currently about 4500 equity names from monthly calibrated beta files, in which beta
and idiosyncratic volatility for each name on its respective indices, selected from the 113 equity
price indices in market risk factors, are given. In addition, there are about 2000 equity names not
mapped to the equity names on the above beta file, as well as about 500 equity basket or index
names, to be created each day. All these equity names, total about 6500, either on beta file or
created daily, will be simulated in Simulation 3. The basket or index names are considered
derived risk factors to be simulated in Simulation 4. Note that we assign three risk factors to each



equity name or basket/index name for risk decomposition purpose: the three risk factors are to
account for total risk (risk type: TOT), market risk (MKT), and equity specific risk (SPF).

Under the proposal, there will be a newly introduced dividend risk factor for each equity name or
basket/index name. Hence, the total number of new risk factors is less than about 7000,
considering that the basket and index names are no longer considered derived risk factor for
dividend purpose, and thus there is a reduction in equity names as components of some basket or
index.

Same as the simulation of the current equity risk factors, the simulation of the new dividend risk
factors generates scenarios of non-dimensional relative return of the expected dividend amount
of the underlying asset.

Due to the difference between stock dividend risk factor model and stock price risk factor model,
it is more natural to carry out the simulation of these two types of risk factors separately.
Currently, stock price risk factor is simulated in Simulation 3 based on beta and idiosyncratic
volatility assigned to it. The derived risk factor for price of stock basket or index is simulated in
Simulation 4 based on closing rate and weights of components of the basket or index.

Stock dividend risk factor simulation does not fit into the above framework because it has
embedded jumps which are not the case for stock price risk factors. To facilitate that, a new
Simulation 5 is introduced.

Given dividend jump size volatility 0 and jump probability P, Simulation 5 flow simulates
stock dividend risk factor I as follows:

If p>0

1. Generate Ns —dimensional random vector Z from standard normal
distribution.

2. Read stochastic variance vector V (i) from vectorPsi produced by
Simulation 1

3. Calculate Ns —dimensional vector I with elementas I; = O/ Qi Z,
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Ns is number of simulations (=20K current configuration)

Noted that the risk factor sensitivity is already scaled by the closing rate of the risk factor and the
position in terms of number of units (quantity multiplied by contract size). equity sensitivities are
calculated based on feed sensitivity and saved in Equity Sensitivity table:

N-R-A-S

Delta = FeedESP = ~
N-R-A-S

Gamma = FeedGammax100=N-R-T"-S?

AggregatedVega = FeedVegax FeedVolx10=N-R-vega- o

We distribute Vega to two adjacent tenor points by interpolating on time to maturity. The
aggregated Vega is given in the above formula.

Currently, we calculate PnL based on DGV approach:
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With incorporation of dividend risk factor%, we need to calculate position value sensitivity to

dividend amount, DeltaDiv, and PnL can be expressed as
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Where
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In the latter case, where dividend yield is used as pricing input and delta is calculated with
dividend yield held constant, the full price sensitivity to underlying price is calculated from
incomplete delta

Delta := Delta— DeltaDiv

We give the following algorithm to compute for Imagine trades DeltaDivand update Delta
whenever necessary:

If TYPE=“ADR” or “S” or “I” or “SWAP” or “EFWD” or “PFS”
DeltaDiv:=0

Else

DeltaDiv:=—Delta- y - T
365
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